A comparison of three flow cytometry methods for evaluating mitochondrial damage during staurosporine-induced apoptosis in Jurkat cells.
Measuring cytochrome c release during apoptosis provides valuable information about the nature and extent of apoptosis. Several years ago a flow cytometric method (based on selective permeabilization of the plasma membrane with digitonin) was developed that has advantages over other techniques. These experiments describe a comprehensive evaluation of that method. Apoptosis was triggered in Jurkat cells with staurosporine and then flow cytometry was used to measure three aspects of mitochondrial damage: (1) cytochrome c release (with the digitonin assay and a commercially available kit based on the same principle), using a DNA-binding dye to define cell cycle stage; (2) loss of mitochondrial cardiolipin, assessed by a decrease in 10 N-nonyl acridine orange (NAO) binding; and (3) loss of mitochondrial membrane potential, assessed by a decrease in tetramethylrhodamineethylester (TMRE) binding. The results from these three assays were compared with an antibody-based assay for cleaved caspase 3. The digitonin assay and the commercially available kit gave comparable results, showing that staurosporine caused cytochrome c release in all phases of the cell cycle and clearly defining those cells that had lost DNA due to internucleosomal DNA fragmentation. The pattern of fluorescence demonstrated that the mitochondrial apoptotic pathway was either the sole or the predominant pathway to be activated and that cytochrome c release in an individual cell was all-or-nothing. However, comparison with the other assays showed that the cytochrome c release assay underestimated the true extent of apoptosis. This was caused by the selective loss of some digitonin-treated apoptotic cells. The flow cytometry assay for cytochrome c release provides valuable information but it underestimates the percentage of apoptotic cells.